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DECLARATION 



^ 



I, Yutaka Horii, c/o Fukami Patent Oflice, Nakanoshima Central Tower, 
22nd Floor, 2-7, Nakanoshima 2-chome, Kita-ku, Osaka-shi, Osaka, Japan, 
declare: 

that I know well both the Japanese and English languages! 

that to the best of my knowledge and behef the Enghsh translation 
attached hereto is a true and correct translation of Japanese Patent Application 
No. 2002-274640, filed on September 20, 2002; 

that all statements made of my own knowledge are true; 

that all statements made on information and belief are believed to be true) 

and 

that the statements aie made with the knowledge that willful false 
statements and the like are punishable by fine or imprisonment, or both, under 18 
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[Document Name] Specification 

[Title of the Invention] Radio Cell Station Apparatus, Reference Signal Allocation 
Method and Reference Signal Allocation Program 
[Scope of Claims for Patent] 

[Claim 1] A radio cell station apparatus in a mobile communication system, 
signals received in said mobile communication system including already-known 
reference signals, comprising: 

search means for searching for a reference signal already used in a neighboring 
cell station; 

storage means for storing the reference signal detected by said search means; and 
reference signal allocation means for allocating, when a connection request is 
received from a terminal device, a reference signal different from the reference signal 
stored in said storage unit. 

[Claim 2] The radio cell station apparatus according to claim 1, wherein 
before the connection request is received from said terminal device, said search 
means receives in advance a conmiunication signal communicated between said 
neighboring cell station and a terminal device communicating with said neighboring cell 
station, and analyzes a reference signal in use from the received communication signal, 
and 

said storage means stores and holds said analyzed reference signal. 

[Claim 3] The radio cell station apparatus according to claim 2, wherein 

said search means searches for the reference signal used in said neighboring cell 
station for each traflBc slot allocated to said terminal device. 

[Claim 4] A radio cell station apparatus in a mobile conununication system, 
signals transmitted/received in said mobile communication system including already- 
known reference signals, comprising: 

storage means for storing a plurality of reference numbers diflFerent from each 
other; and 
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reference signal allocation means for randomly selecting, when a connection 
request is received firom a terminal device, a reference signal from said storage means 
based on a cell station number assigned to each cell station and allocating the reference 
signal to said terminal device. 

[Claim S] The radio cell station apparatus according to claim 4, wherein 

said reference signal allocation means allocates an i-th reference signal 
corresponding to value i of a reminder of division of said cell station number by total 
number m of reference signals stored in said storage means, where m is a natural number 
and i is a natural number of at most m. 

[Claim 6] A reference signal allocation method performed by a radio cell 
station apparatus in a mobile communication system, signals received in said mobile 
communication system including already-known reference signals, comprising the steps 
of: 

searching for a reference signal already used in a neighboring cell station; 
storing said reference signal detected; and 

allocating, when a connection request is received from a terminal device, a 
reference signal different from said reference signal stored. 

[Claim 7] The reference signal allocation method according to claim 6, further 
comprising the steps of: 

before the connection request is received from said terminal device, receiving in 
advance a communication signal communicated between said neighboring cell station 
and a terminal device communicating with said neighboring cell station, and analyzing a 
reference signal in use from the received communication signal; and 

storing said analyzed ref^ence signal. 

[Claim 8] The reference signal allocation method according to claim 7, further 
comprising the step of searching for the reference signal used in said neighboring cell 
station for each traffic slot allocated to said terminal device. 

[Claim 9] A reference signal allocation method performed by a radio cell 
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station apparatus in a mobile conununication system, signals transmitted/received in said 
mobile communication system including already*known reference signals, comprising 
the steps of; 

storing a plurality of reference numbers different from each other; and 

randomly selecting, when a connection request is received from a terminal device, 
a reference signal from said plurality of reference signals based on a cell station number 
assigned to each cell station and allocating the reference signal to said terminal device. 

[Claim 10] The reference signal allocation method according to claim 9, further 
comprising the step of allocating an i-th reference signal corresponding to value i of a 
reminder of division of said cell station number by total number m of said reference 
signals stored, where m is a natural number and i is a natural number of at most m. 

[Claim 11] A reference signal allocation program performed by a radio cell 
station apparatus in a mobile communication system, signals received in said mobile 
communication system including already-known reference signals, and said program 
performed for a computer to execute the steps of: 

searching for a reference signal already used in a neighboring cell station; 
. storing said reference signal detected; and 

allocating, when a connection request is received from a terminal device, a 
reference signal different from said reference signal stored. 

[Claim 12] The reference signal allocation program according to claim 1 1, said 
program performed for the computer to further execute the steps of: 

before the connection request is received from said terminal device, receiving in 
advance a communication signal conmiunicated between said neighboring cell station 
and a terminal device communicating with said neighboring cell station, and analyzing a 
reference signal in use from the received communication signal, and 

storing said analyzed reference signal. 

[Claim 13] The reference signal allocation program according to claim 12, said 
program performed for the computer to further execute the step of searching for the 

-3 . 
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reference signal used in said neighboring cell station for each traffic slot allocated to said 
terminal device. 

[Claim 14] A reference signal allocation program performed by a radio cell 
station apparatus in a mobile communication syst^ signals transmitted/received in said 
mobile communication system including already-known reference signals, and said 
program performed for a computer to execute the steps of 

storing a plurality of reference numbers different from each other; and 

randomly selecting, when a connection request is received from a terminal device, 
a reference signal from said plurality of reference signals based on a cell station number 
assigned to each cell station and allocating the reference signal to said terminal device. 

[Claim 1 5] The reference signal allocation program according to claim 14, said 
program performed for the computer to fiirther execute the step of allocating an i-th 
reference signal corresponding to value i of a reminder of division of said cell station 
number by total number m of said reference signals stored, where m is a natural number 
and i is a natural number of at most m. 
[Detailed Description of the Invention] 

[Technical Field to Which the Invention Belongs] 

The present invention relates to a radio cell station apparatus, a reference signal 
allocation method and a rderence signal allocation program in a mobile communication 
system^ and more particularly to a radio cell station apparatus, a reference signal 
allocation method and a reference signal allocation program for allocating a reference 
signal to a terminal device that makes a connection request. 

[Prior Art] 

Recently, in a rapidly-developing mobile conmiunication system, for an 
improvement of eflficiency in use of radio wave frequencies, various multiple access 
systems have been proposed that allow a plurality of users to share a radio transmission 
path and conduct communications simultaneously, and are now partially in practical use. 

For example, PHS (Personal Handyphone System) generally employs, as a 
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method of splitting a transmission channel, TDMA (Time Division Multiple Access) that 
divides a radio channel with respect to time. 

The TDMA system transmits respective digitized signals of users by radio waves 
at different frequencies in separate and certain time periods (time slots), and separates 
respective signals of the users by frequency filters as well as time synchronization 
between a base station and respective mobile terminal devices of the users. 

Further, for a further improvement of efficiency in use of radio wave frequencies, 
SDMA (Space Division Multiple Access) system in which a single time slot of a single 
frequency is spatially divided to transmit data of a plurality of users has been proposed. 

In both of the TDMA system and the SDMA system, a time period (1 frame) 
using one frequency is divided into several time slots so as to allow each user to use 
different time slot. Accordingly, time-position control (burst synchronization control) 
for accurately transmitting signals to allocated time slots in order to avoid overlapping 
of the signal with other user's transmission is required at the time of transmission. 

In the PHS, synchronous position detection utilizing what is called correlation 
synchronization has conventionally been known as a method of locating a synchronous 
position of a signal received from a personal station (hereinafter, referred to as "PS") in 
a celt station (hereinafter, referred to as "CS")- 

According to the synchronous position detection utilizing the correlation 
synchronization, a time-position at which a correlation value attains a peak is specified 
as the synchronous position in the following manner. Specifically, in view of the fact 
that a reception signal from a PS includes in each frame a reference signal (a unique 
word signal: UW signal) section consisting of an already-known bit string common to all 
users, a CS calculates correlation of an already-known waveform of the reference signal 
stored in a memory in advance and a waveform section cut out while shifting the 
waveform of a reception signal from the PS having a prescribed length. 

The above-described correlation synchronization, however, is based on the 
premise that the CS receives a signal from a single PS, and it is not adapted to a case in 
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which the CS receives signals of the same frequency from two PSs in an overlapped 
manner. 

In the SDMA in particular, a single time slot of the same frequency is spatially 
divided and resultant channels are allocated to a plurality of PSs. Therefore, it is highly 
likely that two signals of the same frequency arrive at the CS in an overlapped manner. 

If synchronous positions of the reception signals from the PSs of the plurality of 
users coincide with one another, reference signal sections of the reception signals 
overlap with one another and the users cannot be identified or separated from one 
another, resulting in interference among the users. 

In any systems other than the SDMA system as well, a CS in a certain cell could 
receive from a desired PS a signal of a certain frequency on which an unnecessary 
interference wave of the same frequency of another PS connected to a CS in a different 
cell overlaps. 

The aforementioned event is likely to occur 'm a traffic-busy region like urban 
area in which CSs are densely placed. Since the synchronous position of the signal 
received from the desired PS cannot be specified, interference also occurs between users 
in different cells, resulting in deterioration in communication quality. 

In order to solve the problem above, control such as forming a directivity pattern 
in accordance with a direction of the PS by means of an adaptive array apparatus or 
slightly shifting a signal transmission time for each of the plurality of PSs establishing 
space division multiple access has been carried out so far in the CS of the SDMA system. 

In addition, recently, a measure to prevent mutual interference among a plurality 
of users by appropriately separating and extracting communication data of each mobile 
station by designating and using different reference signal for each PS in the CS has been 
proposed (Japanese Patent Laying-Open No. 2001-231072, for example). 

Here, an operation for controlling allocation of a reference number performed by 
the conventional CS on each PS will be described with reference to Fig. 9. 

Fig. 9 is a flowchart illustrating an operation performed by a control unit within 
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the CS when a link channel establishment request is received from the PS for initiating a 
call or data communication. 

It is noted that, as the precondition for the operation in Fig. 9, a reference signal 
is stored as unique word information in advance in a unique word storage unit within the 
CS in a fixed manner. 

The unique word information represents information obt£uned by associating a 
unique word value with information indicating a status that the unique word has been 
allocated. The unique word takes a 1 6-bit value such as "00 11 1 1 01 0 1 00011 0" 
expressed as a binary number, or a 32-bit value. In addition, the unique word takes a 
value specifying a PS such as user 1 , user 2 and so on as a value indicating a status that 
the unique word has been allocated, or a value indicating that the unique word has not 
yet been allocated. 

Referring to Fig, 9, initially, when a link channel establishment request is 
received from the PS (step S30I) or when a link channel reestablishment request is 
received (step S3 02), a control unit searches for a chaimel available for allocation to the 
PS (step S303). 

If there is no channel available for allocation (step S3 04), control such that a link 
channel allocation rejection notification is transmitted to the PS is exerted (step S308). 

On the other hand, if there is a channel available for allocation (step S304), 
referring to the unique word held in the unique word storage unit, the control unit 
determines that an unallocated unique word is to be allocated to the PS and updates the 
unique word inforrnation so as to associate the unique word with the PS (step S30S). 

In addition, the control unit transmits to the PS a link chaimel allocation 
notification including notification of the determined, one unique word (step S306). 

Furthermore, the control unit provides a value of the unique word included in the 
notification, to a reference signal generation unit in a user processing unit that carries 
out processing adapted to the PS (step S307). 

Thus, the conventional CS can determine the reference signal based on the 
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unique word value and appropriately direct, based on the reference signal and a 
reception signal, a directivity pattern to the PS. Accordingly, interference with other 
PSs can be avoided and communication can be conducted with the PS in the SDMA 
system while communication quality is retained. 
[Patent Document 1] 

Japanese Patent Laying-Open No. 2001-231072 (pages 4-8, Fig. 5) 
[Problems to be Solved by the Invention] 

The conventional CSs heretofore discussed are all techniques specific to SDMA 
to prevent mutual interference between a plurality of users in a cell and thereby reuin 
certain communication quality. 

There still remains a problem, however, that the conventional CSs do not 
suflBciemly address the problem of interference with users in another cell. 

For example, as shown in Fig. 9, even when the CS designates different unique 
words for respective PSs in the cell, a unique word designated for one PS is not the one 
that is designated in consideration of any PSs in other cells. Therefore, in a certain 
time slot, the designated unique word could be identical to a unique word designated for 
a PS in another cell. In this case, although interference with other PSs in the same cell 
can be avoided, interference with any PSs in other cells could still occur. 

It is noted that the above-described situation is not peculiar to the SDMA system 
and could occur as well to the TDMA system. 

An object of the present invention is therefore to provide a radio cell station 
apparatus, a reference signal allocation method and a reference signal allocation 
program that can avoid mutual interference between PSs in adjacent cells and thereby 
prevent deterioration in communication quality. 

[Means for Solving the Problems] 

According to an aspect of the present invention, a radio cell station apparatus in 
a mobile communication system is provided and signals received in the mobile 
communication system include already-known reference signals. The radio cell station 
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apparatus includes: search means for searching for a reference signal already used in a 
neighboring cell station; storage means for storing the reference signal detected by the 
search means; and reference signal allocation means for allocating, when a connection 
request is received from a terminal device, a reference signal different from the reference 
signal stored in the storage unit. 

Preferably, before the connection request is received from the terminal device, 
the search means receives in advance a communication signal communicated between a 
neighboring cell station and a terminal device communicating with the neighboring cell 
station, and analyzes a reference signal in use from the received communication signal, 
and the storage means stores and holds the analyzed reference signal 

More preferably, the search means searches for the reference signal used in the 
neighboring cell station for each traffic slot aUocated to the terminal device. 

According to another aspect of the present invention, a radio cell station 
apparatus in a mobile communication system is provided and signals 
transmitted/received in the mobile communication system include already-known 
ref^ence signals. The radio cell station apparatus includes: storage means for storing a 
plurality of reference numbers different from each other; and reference signal allocation 
means for randomly selecting, when a connection request is received from a terminal 
device, a reference signal from the storage means based on a cell station number 
assigned to each cell station and allocating the reference signal to the terminal device. 

Preferably, the reference signal allocation means allocates an i-th reference signal 
corresponding to value i of a reminder of division of the cell station number by total 
number m of reference signals stored in the storage means, where m is a natural number 
and i is a natural number of at most m. 

According to stilt another aspect of the present invention, a reference signal 
allocation method performed by a radio cell station apparatus in a mobile 
communication system is provided and signals received in the mobile communication 
system include already-known reference signals. The reference signal allocation . 
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method includes the steps of: searching for a reference signal already used in a 
neighboring cell station; storing the reference signal detected; and allocating, when a 
connection request is received from a terminal device, a reference signal different firom 
the reference signal stored. 

Preferably, the method further includes the steps of: before the connection 
request is received from the terminal device, receiving in advance a communication 
signal communicated between a neighboring cell station and a terminal device 
communicating with the neighboring cell station, and analyzing a reference signal in use 
from the received communication signal; and storing the analyzed reference signal. 

More preferably, the method further includes the step of searching for the 
reference signal used in the neighboring cell station for each traffic slot allocated to the 
terminal device. 

According to a fiirther aspect of the present invention, a reference signal 
allocation method performed by a radio cell station apparatus in a mobile 
communication system is provided and signals transmitted/received in the mobile 
communication system include already-known reference signals. The method includes 
the steps of: storing a plurality of reference numbers different from each other; and 
randomly selecting, when a connection request is received from a terminal device, a 
reference signal from the plurality of reference signals based on a cell station number 
assigned to each cell station and allocating the reference signal to the tenninal device. 

More preferably, the method fiirther includes the step of allocating an i-th 
reference signal corresponding to value i of a reminder of division of the cell station 
number by total number m of the reference signals stored, where m is a natural number 
and i is a natural number of at most m. 

According to a further aspect of the present invention, a reference signal 
allocation program performed by a radio cell station apparatus in a mobile 
communication system is provided, signals received in the mobile communication system 
include already-known reference signals, and the program is performed for a computer 
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to execute the steps of: searching for a reference signal already used in a neighboring 
cell station; storing the reference signal detected; and allocating, when a connection 
request is received from a terminal device, a reference signal different from the reference 
signal stored. 

Preferably, the program is performed for the computer to further execute the 
steps of: before the connection request is received from the terminal device, receiving in 
advance a communication signal communicated between a neighboring cell station and a 
terminal device communicating with the neighboring cell station, and analyzing a 
reference signal in use from the received communication signal; and storing the analyzed 
reference signal. 

More preferably, the program is performed for the computer to further execute 
the step of searching for the reference signal used in the neighboring cell station for each 
traffic slot allocated to the terminal device. 

According to a further aspect of the present invention, a reference signal 
allocation program performed by a radio cell station apparatus in a mobile 
communication system is provided, signals transmitted/received in the mobile 
communication system include already-laiown reference signals, and the program is 
performed for a computer to execute the steps of: storing a plurality of reference 
numbers different from each other; and randomly selecting, when a cormection request is 
received from a terminal device, a reference signal from the plurality of reference signals 
based on a cell station number assigned to each cell station and allocating the reference 
signal to the terminal device. 

Preferably, the program is performed for the computer to further execute the 
step of allocating an i-th reference signal corresponding to value i of a reminder of 
division of the cell station number by total number m of the reference signals stored, 
where m is a natural number and i is a natural number of at most m. 

Thus, in accordance with the present invention, deterioration in quality of call 
and interference between users that are caused by mutual interference between PSs in 
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adjacent cells can be prevented. 

[Embodiments of the Invention] 

Embodiments of the present invention will be described in detail hereinafter with 
reference to the drawings. The same or corresponding elements have the same 
reference characters allotted. 

First Embodiment 

Fig. 1 is a schematic block diagram showing a configuration of a radio cell 
station according to a first embodiment of the present invention. 

Referring to Fig. 1, the radio cell station apparatus includes a radio unit 10, a 
plurality of antennas (four antennas of antennas #1 to #4, for example), a reception unit 
20, a demodulation unit 30, a control unit 40, a demodulation unit 30, a transmission 
unit 50, a modulation unit 60, and a storage unit 70. 

Antennas #1 to #4 are connected to radio unit 10. 

In reception, sign£ils received by antennas #1 to #4 are provided to reception unit 
20 through radio unit 10. The reception signals provided to reception unit 20 are 
subjected to various types of analog signal processing such as amplification and 
fi-equehcy conversion, and converted to digital signals by an A/D converter (not shown). 
In addition, reception unit 20 separates and extracts a signal of each user under the 
control of control unit 40. The separated and extracted reception signal of each user is 
provided to demodulation unit 30, and subjected to necessary demodulation processing 
and time-division processing. The original signal is thus recovered and output to public 
switched telephone network (not shown) through control unit 40. 

On the other hand, in transmission, a transmission signal provided fi-om the 
public switched telephone network (not shown) is provided to modulation unit 60 
through control unit 40, subjected to necessary time-division processing and modulation 
processing, and provided to transmission unit 50. In transmission unit 50, the 
transmission signal is converted to an analog signal by a D/A converter (not shown) and 
subjected to various types of analog signal processing such as amplification and 
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frequency conversion necessary for radio transmission. 

In transmission, a signal from transmission unit SO is supplied to antennas #1 to 
#4 through radio unit 10, and transmitted to a desired PS from antennas #1 to #4. 

Specifically, control unit 40 is implemented by a CPU, and controls the entire CS. 
In particular, control unit 40 allocates a channel to the PS when control unit 40 receives 
a call from the PS through a control channel and when it receives an incoming call 
through the public switched telephone network (not shown). 

Specifically, storage unit 70 is implemented by a memory that holds, as 
hereinlater described, information about unique words used by neighboring CSs as well 
as information about a unique word pattern table and cell station numbers, and holds and 
reads the above-described information according to instructions from control unit 40. 

Fig. 2 is a schematic diagram illustrating information about unique words used 
by neighboring CSs that are stored and held in storage unit 70 in Fig. 1 . 

Referring to Fig. 2, in storage unit 70, for each of a plurality of time slots from 
which one frame is composed, data concerning unique words used by neighboring CSs 
in the same time slot is stored. 

For example, for the time slot corresponding to slot number 1 , information about 
unique words used by neighboring CSs is searched for and held for each of channels 
corresponding to frequencies available to the CSs. 

Here, the unique word information is searched for, before reception of a link 
channel establishment request from a PS, by control unit 40 of the CS. Control unit 40 
receives traffic channel signals that are transmitted by using empty slots to PSs in the 
cell from the neighboring CSs, and detects unique words included in the signals. 
Further, control unit 40 receives traffic channel signals that are transmitted to the CS in 
the cell from PSs in the neighboring CSs, and detects unique words included in the 
signals. To the detected unique words, unique word numbers different from each other 
are assigned and the unique words are held in storage unit 70. 

Referring to Fig. 2, specifically, for a frequency in use, 30 ch, in the time slot of 
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slot number 1, unique words corresponding to unique word numbers 8 and 3 are 
detected from traffic channel signals from neighboring CSs. 

Further, it is seen that, for the frequency of channel 31 ch, unique word number 
1 is used and, for the frequency of 32 ch, unique word number 2 is used. 

Fig. 3 shows a table of unique word numbers and their associated unique word 
patterns. The table of the unique word patterns is held, as the unique word information 
of neighboring CSs as discussed above, in storage unit 70 within the CS in advance. 

Referring to Fig. 3, each unique word pattern that is stored for one unique word 
number is constituted of a total of four patterns: a pattern for uplink consisting of 16 
bits; a pattern for downlink consisting of 16 bits; a pattern for uplink consisting of 32 
bits; and a pattern for downlink consisting of 32 bits. 

This is because both of the uplink and the downlink of a channel between the CS 
and the PS consist of a signal control ch^nel (hereinafter, referred to as SCCH) for 
transmitting information necessary for connecting a call and a traffic channel (hereinafter, 
referred to as TCH) used for communication, and because the SCCH and the TCH 
include unique words consisting of 32 bits and 16 bits respectively. 

For example, regarding unique word number 1, unique word pattern "800 Ih" is 
stored for the uplink of 16 bits. It is noted that this pattern is a hexadecimal notation 
of the 16-bit imique word pattern in binary notation and the last character "h" means 
that this pattern is in hexadecimal notation. 

Similarly, for the downlink of 16 bits, the uplink of 32 bits and the downlink of 
32 bits, "7fffll^ ••1111111 Ih" and "88888888h" are stored respectively. 

Regarding unique word number 2 and subsequent unique word numbers as well, 
a set of four unique word patterns is stored for one unique word number (not shown). 

Therefore, referring again to Fig. 2 showing the unique word information of the 
neighboring CSs, regarding the frequency in use of channel 3 1 ch of slot number 1 for 
example, the unique word pattern of unique word number 1 has already been used. 
Then, in light of the table in Fig.. 3, it can be determined that the unique words of the 
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aforementioned four patterns are used. 

Next, a method of allocating unique words by the radio cell station apparatus of 
the first embodiment having the above-described configuration is described in 
connection with Fig. 4. 

Fig. 4 schematically shows a form in which a plurality of PSs are connected for 
each of CSs. 

Referring to Fig. 4, radio waves from each of CSs (CSl to CSS for example) are 
receivable within the boundary of the region indicated by each of concentric circles (101 
to 105 for example) having the CS at the center. In circles 101 to 105 each, a plurality 
of user PSs (not shown) are located and connected at a predetermined frequency of the 
CS in respective time slots. 

Here, in an urban area for example where cell stations are densely placed, as 
shown in Fig. 4, regions 101 to 105 where radio waves from respective CSl to CSS 
adjacent to each other are receivable overlap each other. Therefore, a transmission 
signal from a PS in any portion where adjacent regions overlap reaches both of 
respective CSs in the regions. 

Here, for CSl to CS4 each, a unique word is designated that is common to a 
plurality of user PSs in the cell. For example, to CSl, a unique word associated with 
unique word number 1 is provided. 

It is supposed here that CSS in Fig. 4 receives a link channel (LCH) allocation 
request fi-om a user PS that requests connection. Then, it is determined whether or not 
there is an empty slot. If it is found that the cell station has an unused empty time slot, 
a link channel in the empty time slot is selected for the PS making the connection 
request. 

Usually, to the empty time slot, other user PSs are not connected. Therefore, 
basically there arises no interference of radio waves, the link channel is effectively 
selected and the allocation of the link channel to the PS is established. 

If a unique word included in the allocated transmission channel is the same as 
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any unique word that has already been used by adjacent CSl to CS 4, however, 
interference with radio waves from user PSs and CSs in other cells could occur in the 
time slot to cause interference between users in different cells. 

Accordingly, when the PS is to be allocated to an empty transmission channel in 
a certain time slot, it is necessary to confirm that no interference occurs with radio 
waves from any user PSs that have already been connected to adjacent CSs in the time 
slot. 

In this case, therefore, CSS refers to unique word patterns of neighboring cell 
stations CSl to CS4 stored in advance in storage unit 70 in Fig. 1, selects and assigns a 
unique word pattern that is not used in the time slot, thereby avoiding interference with 
any PSs in other cells. 

Specifically, since adjacent four cell stations CSl to CS4 have already used 
unique word patterns associated with unique word numbers 1, 3, 4 and 6, CSS in Fig. 4 
selects and allocates a unique word associated with an unused unique word number (5 
for example). 

Thus, interference with PSs in other cells connected to the same time slot is 
avoided and deterioration in conununication quality can be prevented. 

Fig. S is a flowchart illustrating an operation of the first embodiment that is 
performed for allocation of unique words by control unit 40 of the radio cell station 
apparatus in Fig. 1. 

The configuration in the fimctional block diagram of the cell station shown in Fig. 
1 is executed in software in accordance with the flowcharts shown in Figs. S and 8, 
actually by a not-shown digital signal processor (DSP). The DSP reads a program 
including each step in the flowcharts shown in Figs, 5 and 8 fi-om a not-shown memory 
and executes the same. The program can be downloaded fi-om a center (not shown) 
through a not-shown circuit control unit and a public network. 

Referring to Fig. 5, control unit 40 in the CS of Fig. 1 initially searches for 
information about unique words used for each slot by neighboring CSs, and accumulates 
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the information in storage unit 70 (step SlOl). 

Then, control unit 40 detennines whether or not a link channel (LCH) 
establishment request is made by any user PS of the cell station (step SI 02). 

When the LCH establishment request is not received, control unit 40 returns to 
step SlOl to search for unique word information of neighboring CSs until the LCH 
establishment request is made and updates as required the information accumulated in 
storage unit 70, 

When the LCH establishment request is received, control unit 40 determines 
whether or not there is an empty traffic slot (step SI 03). 

In step SI 03, when there is an empty traflRc slot, it is then determined whether or 
not a traffic channel (TCH) can be allocated (step S104). 

When no empty traffic slot is present, a link channel allocation rejection is 
transmitted (step S107). 

In step SI 04, when it is determined that the traffic channel can be allocated, then, 
a unique word pattern to be allocated is determined from the traffic slot to be allocated 
and the fi-equency to be used (step SI OS). 

At this time, control unit 40 refers to unique word patterns of neighboring CSs 
accumulated in storage unit 70 to select an unused unique word pattern. 

Finally, information about notification of the LCH allocation including the value 
of the selected unique word is transmitted to the PS making the LCH allocation request 
(step Si 06), and the allocation is completed (step SI 08). 

In step SI 04, when it is determined that the traffic channel (TCH) cannot be 
allocated, an LCH allocation rejection is transmitted to the PS (step SI 07). 

Fig. 6 generally shows a sequence of link diannel establishment between a CS 
and a PS according to the first embodiment. 

Referring to Fig. 6, receiving a link channel (LCH) establishment request from 
the PS, the CS carries out the operation shown in Fig. 5 to detect an empty traffic 
channel and specify a unique word to be allocated to the PS based on the information 
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about unique words used by neighboring CSs. 

Further, the CS provides to the PS that makes the connection request, a 
notification of the link channel allocation including available slot number, frequency and 
unique word value. 

Then, the PS receiving the notification of the allocation uses the designated 
information channel to transmit a synchronous burst signal to the CS, Then, the CS 
returns the synchronous burst signal to the PS. Synchronization is thus established. 

As discussed above, according to the first embodiment of the present invention, 
the CS allocates, to a PS making a connection request, a link channel including a unique 
word of a pattern different fi'om any unique words having already been used by any 
neighboring CSs in a traffic slot to be allocated. Thus, interference with user PSs in 
other cells can be avoided to prevent deterioration in communication quality. 

Second Embodiment 

Fig. 7 schematically shows a form in which a plurality of PSs are connected for 
each of CSs. 

A method of allocating a unique word by a radio cell station apparatus of a 
second embodiment is conceptually described in connection with Fig. 7. 

Referring to Fig. 7, like Fig. 4, the boundary in which radio waves from each of 
cell stations CSl to CSS are receivable is indicated by each of concentric circles 101 to 
lOS having the CS at the center. In Fig. 7, because of a high density of cell stations, 
concentric circles 101 to 105 overlap each other. 

It is noted that, in circles 101 to lOS each, a plurality of user PSs are located and 
connected at a predetermined frequency of the CS in respective time slots. 

Here, the radio cell station apparatus of the second embodiment differs fi'om the 
radio cell station apparatus of the first embodiment in that respective CSs of the second 
embodiment have cell station numbers (BS) different from each other. 

For example, CSl has its cell station number of "100001" and CS2 has its cell 
station number of "100002". 
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Thus, a unique word associated with the cell station number may be determined 
in advance to avoid coincidence between unique words of difference cell stations. 

As an example, in Fig. 7, to cell stations CSl to CSS, respective cell station 
numbers and associated unique word numbers are provided respectively. Here, the 
unique word number is uniquely determined as a value corresponding to the reminder of 
division of the cell station number by the total number (8 for example) of unique word 
patterns held in storage unit 70 in Fig. 1 . 

Accordingly, since CSl has its cell station number of "100001", the unique word 
to be allocated is unique word number 1 corresponding to " 1 " which is the reminder of 
division of the cell station number by 8. 

Similarly, CS2 having its cell station number of "100002" is given a unique word 
corresponding to unique word number 2, and CS3 having its cell station number of 
"100003" is given a unique word corresponding to unique word number 3. 

Namely, respective CSs have respective unique words different from each other. 
Search for unique words used by neighboring CSs as conducted in the first embodiment 
is thus unnecessary, and mutual interference with user PSs in other cells can be 
prevented. 

Fig. 8 is a flowchart illustrating an operation of the second embodiment that is 
performed by control unit 40 of the radio cell station in Fig. 1 . 

Referring to Fig. 8, initially control unit 40 determines whether or not a user PS 
of the cell station makes a link channel (LCH) establishment request (step S201). 

Then, when the LCH establishment request is received, control unit 40 
determines whether or not there is an empty traffic slot (step S202). 

When the empty traffic slot is present in step S202, it is then determined whether 
or not a link cannel can be allocated for the traffic channel (TCH) (step S203). 

When the empty traffic channel is not present, a link channel allocation rejection 
is transmitted (step S207). It is noted that, when it is determined that the link channel 
cannot be allocated for the traffic channel as well, the link channel allocation rejection is 
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transmitted (step S207). 

When it is detennined in step S203 that the traffic channel can be allocated, a 
unique word pattern to be allocated is determined from a cell station number (step 
S204). For example, as shown in Fig. 6, the unique word number to be allocated may 
be specified based on the value of the reminder of division of the cell station number by 
the total number of unique word patterns stored in storage unit 70. 

Finally, the value of the unique word specified in step S204 is included in 
information about notification of LCH allocation that is transmitted to the PS making 
the LCH allocation request (step S205), and the allocation is completed (step S206), 

When it is determined that the TCH cannot be allocated, an LCH allocation 
rejection is transmitted to the PS (step S207). 

As discussed above, according to the second embodiment of the present 
invention, the allocated unique word is different from any unique words used by any 
neighboring CSs and accordingly interference with users in other cells is reduced and 
conmiunication quality can be ensured. 

Further, since a unique word to be allocated is specified independently by CSs 
each based on the cell station number assigned to each cell station, it is unnecessary to 
search for and store unique words used by neighboring CSs. Accordingly, the 
allocation of unique words is simplified and the circuit scale of the storage unit can be 
reduced. 

It is noted that the techniques disclosed in the first and second embodiments are 
not limited to the SDMA system and the TDMA system and are applicable to all access 
systems performing transmission and reception between a terminal and a cell station by 
the time-division method. 

It should be construed that embodiments disclosed herein are by way of 
illustration in all respects, not by way of limitation. It is intended that the scope of the 
present invention is defined by claims, not by the description above, and includes all 
modifications and variations equivalent in meaning and scope to the claims. 
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[Effects of the Invention] 

As heretofore discussed, according to an aspect of the present invention, the CS 
allocates, to a PS making a connection request, a link channel including a unique word 
that is diflFerent from any unique word values having already been used by any 
neighboring CSs in a traffic slot to be allocated. Thus, interference with user PSs in 
other cells can be avoided to prevent deterioration in communication quality. 

Further, according to another aspect of the present invention, an allocated 
unique word is different from any unique words used by any neighboring CSs and 
accordingly interference with users in other cells is reduced and communication quality 
can be ensured. 

Furthermore, since a unique word to be allocated is specified independently by 
CSs each based on the cell station number, it is unnecessary to search for and store 
unique words used by neighboring CSs. Accordingly, the allocation of unique words is 
simplified and the circuit scale of the storage unit can be reduced. 
[Brief Description of the Drawings] 

Fig. 1 is a schematic block diagram showing a configuration of a radio cell 
station according to a first embodiment of the present invention. 

Fig. 2 is a schematic diagram illustrating information about unique words used 
by neighboring CSs that are held in storage unit 70 in Fig. 1 . 

Fig. 3 shows a table of unique word numbers and their associated unique word 
patterns. 

Fig. 4 schematically shows a form in which a plurality of PSs are connected for 
each of CSs. 

Fig. S is a flowchart illustrating an operation of the first embodiment that is 
performed for allocation of unique words by a control unit of the radio cell station. 

Fig. 6 generally shows a sequence of link channel establishment between a CS 
and a PS according to the first embodiment. 

Fig. 7 schematically shows a form in which a plurality of PSs are connected for 
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each of CSs. 

Fig. 8 is a flowchart illustrating an operation of the second embodiment that is 
performed for allocation of unique words by the control unit of the radio cell station. 

Fig. 9 is a flowchart illustrating an operation performed by a control unit of a 
conventional CS when a link channel establishment request is received from a PS. 

[Description of the Reference Characters] 

#l-#4 antenna, 10 radio unit, 20 reception unit, 30 demodulation unit, 40 control 
unit, 50 transmission unit, 60 modulation unit, 70 storage unit, 100 radio cell station, 
CS1-CS5 radio cell station, 101-105 region where radio waves from CS1-CS5 are 
receivable 
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[Document Name] Abstract 
[Abstract] 

[Subject] A radio cell station apparatus, a reference signal allocation method and a 
reference signal allocation program that can avoid mutual interference between terminal 
devices in adjacent cells and thereby prevent deterioration in conmiunication quality are 
provided. 

[Solving Means) A CS searches in advance for information about unique words used 
by neighboring CSs to hold the information in a storage unit (step SI 01). When an 
LCH establishment request is made by a PS in the cell of the CS (step SI 02), it is 
confirmed whether or not there is an empty traflFic slot (step SI 03). Further, with 
reference to the unique word information of the neighboring CSs of the same frequency 
and the same slot as the empty slot to be allocated, an unused unique word pattern is 
allocated (step SI 05). 
[Selected Drawing] Fig. 5 
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